Evaluation of E-cadherin, β-catenin and vimentin protein expression using quantitative immunohistochemistry in nasopharyngeal carcinoma patients Abstract Purpose: Aberrant expression of proteins involved in epithelial-to-mesenchymal transition have been described in various cancers. In this retrospective study, we sought to evaluate E-cadherin, β-catenin and vimentin protein expression in non-metastatic nasopharyngeal (NPC) patients treated with curative intent, examine their relationship with each other, and with clinical outcome measures.
Epithelial mesenchymal transition (EMT) which underlies embryonic development, increasingly appears to be critical in the process of tumour invasion and metastases [1] . Although EMT is regulated by a complex interplay of signaling pathways, a hallmark of EMT is the down regulation of E-cadherin, mislocalization of β-catenin and nuclear expression of vimentin [2] . E-cadherin is a transmembrane glycoprotein that is involved in mediating cell-cell adhesion between adjacent epithelial cells in various tissues [3, 4] . Loss of E-cadherin has been related to tumour aggressiveness and increased rates of metastasis in breast, gastric, hepatocellular, bladder and prostate cancer [5] [6] [7] [8] [9] [10] . β-catenin is a multi-functional protein involved in the cadherin-mediated cell-cell adhesion system [11] . It associates with the cytoplasmic portion of E-cadherin and the actin cytoskeleton via α-catenin to form the adherens junction [12, 13] . β-catenin is also an important effector of Wnt signaling in the nucleus, where it regulates the expression of genes involved in cell growth. Unbound cytoplasmic β-catenin is targeted for proteosomal degradation in the absence of Wnt signaling. E-cadherin is thought to antagonize β-catenin signaling by binding to it, thus keeping the level of cytoplasmic β-catenin low and unavailable for downstream activation of the Wnt pathway [14, 15] . Loss of E-cadherin expression has been associated with increased localization of β-catenin to the nucleus [15, 16] . Vimentin is a type III intermediate filament protein normally found in mesenchymal cells and is expressed in epithelial cells that are migrating during embryogenesis, organogenesis, wound healing and tumour invasion [17] . The vimentin promoter is a target of the β-catenin/T-cell factor pathway, suggesting that the functional regulation of epithelial cells is involved in tumour invasion and/or metastasis [18] .
Since nasopharyngeal cancers (NPC) commonly invade surrounding tissue or metastasize to cervical lymph nodes early in the natural history of the disease, we sought to characterize the protein expression of E-cadherin, β-catenin and vimentin, three proteins involved in EMT, in non-metastatic NPC patients treated with curative intent. We explored the relationship among E-cadherin, β-catenin and vimentin, and their relationship with clinical outcome measures.
Materials and Methods

Study Population, TMA Construction and Analysis
This study was approved by the University of Calgary Conjoint Health Research Ethics Board and the University of British Columbia, British Columbia Cancer Agency (BCCA) Research Ethics Board. Between January 2000 and December 2007, 137 patients with non-metastatic NPC treated with curative intent radiation ± platinum chemotherapy at British Columbia Cancer Agency and Tom Baker Cancer Centre were identified with retrievable biopsy samples, either from the primary site or from a nodal metastasis. Tissue microarrays (TMAs) were constructed from duplicate 0.6 mm cores of pretreatment formalin-fixed paraffin-embedded specimens. Fluorescent immunohistochemistry was performed on sequential TMA sections that were co-stained with antibodies against Ecadherin (1:200, Rabbit clone 24E10, Cell Signaling, Danvers, MA) or β-catenin (1:1000 mouse clone B-cat-1, Dako Cytomation, Glostrup, Denmark) and vimentin (MAB2105 rat; R&D Systems, Minneapolis, MN) and pan-cytokeratin (AE1/AE3 or rabbit anti-cow wide spectrum screening antibody, respectively; Dako Cytomation). Antibody signals was amplified and visualized using a TSA-Plus CY5 (E-caderin and β-catenin) or Cy3 (vimentin) Tyramide Signal Amplification kit (PerkinElmer, Waltham, MA) and pan-cytokeratin was visualized using a goat anti-primary Alexa 555 conjugated secondary antibody (Invitrogen, Carlsbad, CA). After staining, TMA slides were mounted in ProLong Gold mounting media with diamidino-phenylindole to visualize the nucleus (Invitrogen). TMAs were then scanned using a HistoRx PM-2000 image analysis platform. AQUAnalysis™ software (version 2.3.4.1) was used to create a "mask" to isolate the epithelial/ tumour cells within the tissue cores. E-cadherin, β-catenin or vimentin pixel intensity was measured within the tumour area (tAQUA), cytoplasmic tumour area (cAQUA) or the nuclear tumour area (nAQUA).
Statistical Analysis
The nuclear/cytoplasm β-catenin ratio (n/cBC) was obtained by dividing the nAQUA scores by the cAQUA scores [26] . For vimentin and E-cadherin, cAQUA scores were used for analysis (tumour cell cytoplasmic vimentin and tumour cell cytoplasmic E-cadherin, respectively), and both were Z-score standardized between the Calgary and the Vancouver cohorts. All three biomarkers were stratified into quartiles with the highest category considered to have the highest expression of the protein.
Categorical variables were expressed as a frequency and percentage; patient age was expressed as mean ± standard deviation. The correlation between the biomarkers was assessed using the Spearman rank correlation coefficient. The relationship between each biomarker and other variables (T-stage, Nstage, WHO class, and grade) was assessed using ANOVA after appropriate transformations were applied to achieve an approximately Normal distribution or the Kruskal Wallis nonparametric test when an appropriate transformation could not be found.
Overall survival (OS) was defined as the date of diagnosis to the date of death or last follow-up visit, with patients censored at their last follow-up visit. Disease-free survival (DFS) was defined as the date of diagnosis to the date of relapse, progression, death, or last follow-up visit and similarly censored at last follow-up visit. The Kaplan-Meier method was used to estimate 5 year OS and DFS for the sample overall and by subgroups based on the quartiles of each biomarker.
Cox proportional hazards regression was used to estimate the effect of cytoplasmic vimentin, cytoplasmic E-cadherin, β-catenin nuclear/cytoplasmic ratio expression on both OS and DFS. The assumption of linearity for each biomarker in continuous form was assessed using martingale-based residuals; the proportional hazards assumption was assessed using Cox-Snell residuals. Since there was clear evidence against the assumption of linearity for all three biomarker variables, they were entered into the model as categorical variables. Unadjusted hazard ra- 
Results
Patient characteristics
Two hundred seventy nine non-metastatic NPC patients were treated at the BC Cancer Agency (n=225) or Tom Baker Cancer Centre (n=54) between January 2000 and December 2007. One hundred thirty seven patients (49%) were included with the remainder excluded due to lack of adequate tissue. Table 1 summarizes the clinical and pathologic features, treatment and recurrence details of the study population. The mean age of the study population was 51.7 years (SD=12.1; range 18-85), 91/137 (66%) of the patients were male, and 97/137 (71%) of the patients had a KPS ≥ 90% at the start of treatment. WHO type 3 NPC was the most common histologic subtype (WHO type 1/2/3=12%, 29%, 59%, respectively). The majority (89/ 137=65%) of patients had stage III/IV disease. Fifty seven of 137 (42%) patients received platinum-based CRT; the remainder were treated with radiation alone. With a median followup of 48 months (range 3 to 120), the 5 year overall survival (OS) was 70%. In terms of the baseline and demographic characteristics, the included versus excluded patients were similar with respect to age at diagnosis, cancer center, T-stage and N-stage, but there were more KPS ≥ 90 patients among those excluded (84% compared with 70%, p = 0.006). Since there was no evidence of a difference in the 2 year locoregional control rate and NPC deaths, we can assume that the included patients were a representative sample of the total patient population. Figure 1 shows examples of E-cadherin, β-catenin and vimentin staining using the HistoRx AQUA™ technology platform. The distributions of the biomarkers within each quartile are described in Table 2 . The distribution of the z scores for vimentin and E-cadherin illustrates that there is sufficient variability between the categories of protein expression and hence the ability of these two biomarkers to differentiate in terms of survival.
E-cadherin, β-catenin and vimentin expression
There was less variability of β--catenin in this group of patients, which is another indicator that it is probably not a good biomarker for these patients.
Correlation between biomarkers and with tumour-related factors
The pairwise correlation among the three biomarkers was low: 
Relationship between Biomarkers and Survival
Univariable Cox regression analysis using quartiles for each biomarker indicated a potential relationship between Ecadherin and OS; E-cadherin and DFS; and, vimentin and DFS ( WHO 1, (iii) KPS 60/70/80 and WHO 2/3, and (iv) KPS 90/100 and WHO2/3), was empirically based. Both of these variables were potential confounders and the data were fairly sparse with many cells that were small or empty; hence, we decided to collapse adjacent cells in KPS into two categories and WHO into two categories. When the effect on survival was examined, there was a significant interaction between these variables in predicting overall survival. This can be seen in Table 3 , where the effect of KPS on overall survival depends upon WHO category. For KPS = 90/100, there was very little effect of WHO on survival (HR = 0.13 and HR = 0.11), but when KPS = 60/70/80 there was a large effect (HR = 1 and HR = 0.25). For interpretation purposes this interaction was presented as HRs for each of the four derived groups rather than as the two main effects and the interaction term, which would not have an intuitive interpretation.
Stage was significantly correlated with chemotherapy treatment (p < 0.001); that is, among those treated with chemotherapy, 87% were Stage 3/4 therefore we only adjusted for KPS, WHO and stage. After adjusting for KPS, WHO, and stage increasing values of both E-cadherin and vimentin were associated with poorer survival (Table 4) ; however, the cut-off values at which statistical significance was reached differed between the two biomarkers. For E-cadherin, values had be over the 75th percentile before they produced an significantly increased risk for both a worse OS (HR = 2.53, 95% CI 1.21, 5.27) and DFS (HR = 2.14, 95%CI 1.28, 3.59), whereas for vimentin values over the first quartile produced a significantly increased risk for a worse DFS (HR = 2.21, 95% CI 1.11,4.38). No further increase in risk was observed for values in the third and fourth quartile of vimentin. No association was seen between β-catenin and survival.
Discussion
Elevated values of E-cadherin (≥ 75 th percentile) produced a significantly increased risk for both a worse OS and DFS, while vimentin scores ≥ 25 th percentile were associated with a significantly increased risk for a worse DFS.
β-catenin was not associated with adverse patient outcomes. Three previous studies have examined E-cadherin, β-catenin ± vimentin expression, specifically in NPC, with conflicting results. In contrast to our study, Zheng et al. reported that decreased Note: ref=reference group; Q1, Q2, Q3 = Quar rtile 1, Quart tile 2, Quarti ile 3 membranous staining of E-cadherin and β-catenin were both associated with advanced stages of diseases and there was a trend towards better survival with high expression of E-cadherin or β-catenin [23] . In a second much smaller cohort of 18 NPC patients, down regulation of E-cadherin expression was correlated with lymph node metastases and poor outcome; however, no correlation was observed between β-catenin expression and outcomes [24] . More recently, Luo et al. also evaluated E-cadherin, β-catenin and vimentin in biopsies in a comparably-sized group (n=122) of NPC patients. As was seen in this study, Luo also reported that the co-expression of high cytoplasmic E-cadherin and high nuclear vimentin, but not β-catenin expression, was correlated with shorter patient survival in multivariate analyses [25] .
Differences in methodology may explain the discordance between our results and some of the existing literature on EMT biomarkers in NPC and other tumour types. We elected to use AQUA technology, which allows for biomarker quantification; whereas traditional IHC, employed in the marjority of studies examining EMT-associated biomarkers, is a more qualitative measure of protein expression. The AQUA™ technique has been validated in prior studies with respect to accuracy, interobserver variability and predictive power against traditional pathologist-based scoring for more commonly recognize proteins such as estrogen receptor and HER2 [26] . Moreover, our findings are in keeping with the largest of three other series evaluating EMT in NPC, despite the fact that they did not use quantitative immunofluorescence. Another potential source of discrepancy may be attributable to examination of EMT biomarkers localized to different compartments within the tumour. We elected to examine cytoplasmic E-cadherin, as the mislocalization of E-cadherin has been associated with tumourigenicity. Similarly, other researchers have reported overall β-catenin, whereas we opted to evaluate the nuclear/ cytoplasmic ratio to get an idea of activation of β-catenin transcriptional activity. Lastly, differences in tumour sampling may also contribute to different results. Cells undergoing EMT, commonly reported to occur at the invasive front of many ma-lignancies [27] , may constitute only a small proportion of the total population of tumour cells. Luo et al. noted the high expression of cytoplasmic E-cadherin and nuclear vimentin was predominantly localized at the infiltrating tumour edge [24] . In our study, the cores used in the TMA were taken from patient's pre-treatment diagnostic biopsies, which may not necessarily be representative of cells from the invasive front of the tumours. In addition, the cores used to create our TMA came from either the primary tumour site or a lymph node metastasis, depending on availability, which could certainly be another source of heterogeneity. E-cadherin expression has been shown to differ between primary tumour specimens versus lymph node or other distant metastases [22, 38] suggesting that Ecadherin expression may be up-or down-regulated depending on the stage of tumour progression.
Underlying biological differences in the patient populations studied could also contribute to the apparently conflicting literature. Our cohort most closely resembles that reported by Galena et al. (n=18) [24] in which there were a greater number of WHO I/II cases, whereas the other two NPC studies were done in Asia where WHO type 3 is predominant [23, 25] . We did not observe a difference in outcome by biomarker status when the analyses was stratified by WHO class (1/2 and 3) making this a less likely factor (data not shown). E-cadherin is typically thought to play a role in the maintenance of cell-cell adhesion and as a tumour suppressor [7, 19, 20] . Usually diminished expression of E-cadherin, reflecting a loss of cell-cell adhesion, is associated with poor outcome; however, there are some studies that have not shown any independent prognostic value for E-cadherin [33, 34] over other known prognostic factors, while other studies have demonstrated that overexpression of the E-cadherin-β-catenin complex is associated with more aggressive phenotypes and a poorer outcome [21, 22, 35, 37] . It may be that the expression of E-cadherin during cancer progression is dynamic and highly contextual [22, 28] . There is emerging evidence that collective cell migration is an important mechanism in cancer invasion [29] . In this type of tumorigenesis, cells move as sheets, strands or clusters rather than individually. Cadherin-based junctions between cells remain present to maintain 'supracellular' properties. In a study looking at oral squamous cell carcinoma cell lines, the cells proliferated well when they were cultured as multicellular aggregates; however, they entered into an apoptotic pathway when suspended as single cells. This observation implies a role for cadherin-mediated intercellular adhesions in the promotion of anchorage-independent growth and suppression of apoptosis [30] . Lastly, there are also other signal transduction pathways that are important in regulating the adhesion and motility of single tumour cells, and the regulation of collective cell migration, which may be of greater prognostic significance than Ecadherin, β-catenin or vimentin. For instance, Johnson et al. recently reported that total silencing of CD151 de-stabilizes Ecadherin-dependent carcinoma cell-cell junctions, and enhances the collective migration of intact tumour cell sheets. This effect was dependent on neither reduced E-cadherin expression nor disruptions in the E-cadherin regulatory complex [31] .
Our study was limited by its retrospective design, small sample size and potential selection biases due to tissue availability. In an attempt to address these limitations, we did examine the clinical or pathologic characteristics of the included versus excluded patients. The two groups did not differ with respect to age at diagnosis, cancer center, T-stage, N-stage or overall survival. Although there were more KPS≥90 patients among those excluded, the 2 year locoregional control rate and NPC deaths were no different between the included versus excluded patients groups; therefore, we assumed the included patients were a reasonably representative sample of the total patient population. The retrospective design and relatively small sample size also creates inherent limitations in our statistical analyses. For instance, the decision to combine KPS and WHO in the analyses was empirically-based, because both of these variables were potential confounders and the data were fairly sparse. Similarly, we did not adjust for the use of chemotherapy in our analyses because there was a high correlation between the variables treatment and stage; instead, we chose to include the variable with the most explanatory power (namely stage). Lastly, our analyses included several comparisons for each biomarker: initially considering each quartile independently (due to non-linearity), then collapsing adjacent quartiles with similar hazard ratios from initial regression analyses. To account for multiple comparisons, within the limitations of our data, we selected the Likelihood Ratio Statistic (LRS), which provides a single p-value per variable rather than the Wald statistic, which would provide three. Our study is exploratory and, hence, the findings are not conclusive but generate hypotheses worth further exploration.
In summary, we observed that the expression of two proteins involved in EMT, E-cadherin and vimentin, may be associated with outcome. After adjusting for performance status, WHO and stage, tumours with E-cadherin levels over the 75th percentile produced a significantly increased risk for both a worse OS and DFS while tumours with vimentin levels over the first quartile produced an increased risk for a worse DFS. No association was seen between β-catenin and survival. To better understand discordant findings of EMT biomarkers in NPC and across tumour types, studies with larger sample sizes are needed. AQUA™ technology could be compared with standard immunohistochemical assessment to help clarify optimal methodology for assessing protein expression.
